In a recent article ͓J. Appl. Phys. 92, 1643 ͑2002͔͒ Siwick et al. investigated the space-charge-limited electron pulse propagation in a photoelectron gun using an analytical approach, referred to as mean-field theory, and a numerical N-body simulation. The results were compared with a one-dimensional fluid model ͓J. Appl. Phys. 91, 462 ͑2002͔͒, and a conclusion was made that the fluid model overestimates the pulse duration after a certain propagation time. Although the mean-field theory and N-body simulation give exactly the same results for all examples studied, we point out that the expression for the on-axis potential in their mean-field model is inapplicable to investigating the electron space-charge dynamics in an ultrafast electron packet. We correct that expression and derive a two-dimensional model that is in agreement with our previous one-dimensional fluid model. We also point out several areas where Siwick et al. Recently, Siwick et al. published an article on the propagation dynamics of femtosecond electron packets in the drift region of a photoelectron gun using an analytical model they referred to as a mean-field ͑MF͒ model, and a numerical N-body simulation. 1 The predictions of their model were compared to a one-dimensional ͑1D͒ fluid model described in Ref. 2, and they concluded that the fluid model overestimates pulse broadening after a certain drift time. We find that the MF theory of Ref. 1 is based on an assumed on-axis potential that incorrectly models the space-charge-limited electron dynamics in an ultrafast photoelectron gun. We solve for the correct potential and develop a two-dimensional ͑2D͒ model that shows agreement with our previous 1D fluid model. We also point out areas which the authors was used to describe the on-axis potential distribution of an electron disk with radius r b and length l as shown in Fig. 1 . The center of the electron disk is at zϭ0. In Eq. ͑1͒, N is the total number of electrons contained in the electron pulse ͑EP͒, Ϫe is the electron charge, and 0 is the vacuum permittivity. The authors of Ref. 1 indicated that they obtained Eq. ͑1͒ from Ref. 3, in which it was derived assuming that the electron disk is infinitely thin (lϭ0), a condition that is inapplicable for describing an EP with a finite length of l 0. Thus, Eq. ͑1͒ cannot be used for investigating the space-charge effects inside the EP. In addition, the central equation of their model,
͑2͒
is also incorrect because it is derived from Eq. ͑1͒ based on lϭ0.
One can easily obtain from Eq. ͑1͒ the on-axis electric field, which is expressed as
͑3͒
Thus, one can see that the electric field E z ϭϪNe/2 0 r 2 0 at zϭ0. This is physically incorrect for an EP propagating in free space. The electron at the center of the symmetric electron disk, zϭ0, should feel no force, and therefore E z ϭ0 at zϭ0.
A correct potential would account for the finite length l of the electron packet. The Poisson equation for the problem of Fig. 1 can be written as
where ϭ(r,,z) is the potential distribution in free space and nϭn (r,,z 
͑7͒
The electron density is assumed to be spatially constant, and therefore the potential distribution is in the form of ϭ(r,z), which is independent of . Thus, the correct expression of the on-axis potential distribution is V(z) ϭ(0,z), and can be expressed as
V͑z ͒ϭϪ
Ne
In the limit of lϭ0, Eq. ͑8͒ exactly reduces to Eq. ͑1͒. The longitudinal electric field can be expressed as
Therefore, the correct form of Eq. ͑2͒ should be
where m is electron rest mass.
One can see that Eq. ͑10͒ is different from Eq. ͑2͒ which is the central equation of the MF theory of Ref. 1, based on the assumption of lϭ0. It is noticed that the value of E z given by Eq. ͑9͒ is E z ϭ0 at zϭ0, which is physically correct for the model shown in Fig. 1 . Therefore, one should use Eq. ͑10͒ to investigate the space-charge-limited EP in a photoelectron gun. We do not know why the MF theory and the N-body simulation of Ref. 1 gave exactly the same predictions in all cases since the details of the N-body simulation were not given. However, Eq. ͑2͒ used in the MF model obviously represents an incorrect geometry for representing the electron packet.
In addition to the error in setting up the on-axis potential distribution, in Ref. Figure 2 shows the EP broadening ⌬tϭl/v b ͑where v b is EP velocity͒ as a function of EP drift time t for initial EP duration of ϭ50 fs, electron initial energy of 30 keV, r b ϭ0.4 mm, and N ϭ1000, in the cases of 1D and 2D models. As can be seen from Fig. 2 , the results of both 1D and 2D models almost coincide because the parameters in Fig. 2 satisfy the condition of the 1D limit l/r b Ӷ1. Due to the 1D limit, the 1D model is suitable for analyzing femtosecond photoelectron guns, but becomes inaccurate when the EP duration develops into the picosecond regime especially for the smaller electron-beam radius. In Ref. 1, the limitations of the 1D treatment were neglected, and thus some improper application of that model was made. Figure 3 shows the difference between the 2D model using the correct potential described by Eq. ͑8͒ and the MF theory of Ref. 1 which used the potential described in Eq. ͑1͒. In Fig. 3 , the EP broadening ⌬tϭl/v b is plotted as a function of the EP drift time t for initial EP duration of ϭ1000 fs, electron initial energy of 30 keV, r b ϭ0.1 mm, and Nϭ5000, in the cases of the MF theory and the 2D model. It can be seen from Fig. 3 that the MF theory underestimates the EP broadening. The difference between the 2D model and the MF theory increases with the EP drift time t. Therefore, the MF theory is not applicable when the EP duration extends into the picosecond regime.
The absolute value ⌬E a of the electron energy spread due to space-charge effects is expressed in Ref. 
